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Blends of acrylonitrile butadiene rubber/high density polyethylene (NBR/HDPE) compatibi-
lized by Chloroprene rubber (CR) were prepared. A ﬁxed quantity of industrial waste such as
marble waste (MW, 40 phr) was also included. The effect of the blend ratio and CR on cure
characteristics, mechanical and swelling properties of MW-ﬁlled NBR/HDPE blends was inves-
tigated. The results showed that the MW-ﬁlled NBR/HDPE blends revealed an increase in ten-
sile strength, tear, modulus, hardness and cross-link density for increasing weight ratio of
HDPE. The minimum torque (ML) and maximum torque (MH) of blends increased with
increasing weight ratio of HDPE while scorch time (ts2) cure time (tc90), compression set and
abrasion loss of blends decreased with increasing weight ratio of HDPE. The blends also
showed a continuous reduction in elongation at break as well as swelling coefﬁcient with
increasing HDPE amount in blends. MW ﬁlled blends based on CR provided the most encour-
aging balance values of overall properties.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Cairo University.Introduction
Acrylonitrile–butadiene rubber (NBR) is well-known unsatu-
rated copolymers for about ﬁve decays [1,2]. It has been used
in many industrial required purposes as hoses, O-ring seals,
insulation base product and other many packaging materials
[3].The main components of technically related NBR com-
posed of 24–30 wt% of acrylonitrile and include some beneﬁts
in contrast to other elastomer like polymers, such as, good
processability, resistance to oils as well as hydrocarbons, espe-
cially resistance to hydrocarbons and oils, and NBR has wide
region of service temperature (from 35 C up to 100 C) [4,5].
High density polyethylene (HDPE) is a semi-crystalline with
outstanding chemical resistance as well as simple processabil-
ity. Acrylonitrile butadiene rubber (NBR) is a simply process-
able, tough, and ﬂexible rubber.
The knowledge of thermoplastic elastomers (TPEs) from
blends of NBR and HDPE has occurred as a valuable imple-
ment in tailoring polymers to require of end users. A various
articles as well as books were published on this issue [6–10],
and the theoretical studies performed generally on engineering
Table 1 The main compositions of studied MW ﬁlled NBR/
HDPE.
Ingredients Designation NBR:HDPE blends
100:00 85:15 70:30 55:45 40:60 25:75
NBR 100 85 70 55 40 25
HDPE 00 15 30 45 60 75
ZnO 5.00 5.00 5.00 5.00 5.00 5.00
Stearic acid 1.5 1.5 1.5 1.5 1.5 1.5
TMTD 0.8 0.68 0.56 0.44 0.32 0.2
MBT 1.2 1.02 0.84 0.66 0.48 0.3
Antioxidant 1.00 1.00 1.00 1.00 1.00 1.00
Sulfur 2.00 1.7 1.4 1.1 0.8 0.5
Processing oil 4.0 4.0 4.0 4.0 4.0 4.0
MW 40 40 40 40 40 40
CR 5.00
812 K. Ahmedthermoplastics covered the approaches for industrial applica-
tions Coran and Patel [11] accounted the technological com-
patibilization of PP/NBR and PE/NBR blends. They have
reported the effect of addition of graft copolymer and dynamic
vulcanization on mechanical properties of these blends.
Recently, Liu et al. [12] studied the effectiveness of various
basic functional groups in polypropylene as compatibilizers
in a PP/NBR system using morphological and impact property
measurements. Commonly, it is simple to blend of similar
polarities and solubility of rubber and plastic to make a valu-
able thermoplastic elastomer, for example PP/ethylene–propyl-
ene–diene copolymer (EPDM), epoxidized natural rubber
(ENR) with polyvinyl chloride (PVC), PVC/NBR) and
nylon/NBR. However, it is obscured to fabricate a TPE via
an elastomer and plastic composing different polarities as well
as solubility.
This is due to large interfacial tension between these two
polymers. This intricacy could be solved by the use of a com-
patibilizer to get better interfacial relation between two phases
[13–16]. Accordingly, the objective of this research was to
study cure characteristics, mechanical as well as swelling prop-
erties in the blends of NBR with HDPE which was chosen as
blend constituents, because these NBR and HDPE are avail-
able in great amounts, possess outstanding properties and
are paced among the most frequent polymers applied for the
fabrication of commercially existing NBR/HDPE based
blends.
The aim of the study expressed in this article was to com-
patibilize NBR with HDPE by using Chloroprene (CR) as
compatibilizer that gets better compatibility of NBR/HDPE
blends through interfacial chemical response. Cure time,
scorch time as well as torque measurements, mechanical and
swelling properties of these blends were also evaluated.
Experimental
Materials
Acrylonitrile–butadiene rubber (NBR 3310, acrylonitrile,
35 wt%) Chloroprene rubber (CR) as compatibilizer and
HDPE used in this study is a commercial product from the
local market of Karachi. The melt ﬂow index (MFI) of HDPE
is 5.64 g/10 (190 C, 2.16 kg), and density is 0.953 g/cm3.
Marble waste (MW) was arranged from marble industry.
The MW was desiccated in oven for 24 h at 80 C, then
mashed and passed through 37 lm sieve. The other constitu-
ents were Zinc oxide delivered by M/S S. Chemicals Industries
Ltd. Pakistan. Stearic acid was purchased from Nimir (Pvt.)
Ltd., Lahore, Mercaptobenzothiazole (MBT),Tetramethyl-
thiuram disulﬁde (TMTD) as accelerators, 3-Dimethylbutyl-
N-phenyl-p-phenylenediamine and sulfur were obtained from
commercial market.
Preparation of NBR/HDPE blends
Locally existing NBR, HDPE and CR, as above, were pur-
posed for compatibilized blends. The concentrations for
NBR/HDPE blends are expressed in Table 1. The NBR/
HDPE blends were fabricated via two-step mixing process.
To prepare the blends, the NBR, HDPE and ﬁllers were fed
into a Brabender internal mixer (Brabender Instruments,Germany), along with other ingredients at 160 C and
60 rpm for 10 min. The Brabender mixer, equipped with a pair
of Banbury blades, has a total volume of 50 ml and it was ﬁlled
to 70% of the total volume, as recommended by Brabender,
for all sample preparations. After blending, the blended mix-
ture was cooled down and sulfur was added on two-roll mill
(16 · 33 cm) according to ASTM D 3182 (2001). Eventually,
when mixing ﬁnished, the compounds were kept at room tem-
perature for as minimum 24 h before their cure characteristics
were measured. Test specimens were obtained by compression
molding at 160 C and a pressure of 20 MPa for the respective
optimum cure time (t90) obtained from rheographs. After cur-
ing, the vulcanized sheet was taken out of the mold and imme-
diately cooled under tap to stop further curing. All samples
were cured at this temperature and stored in a cool dark place
for 24 h.
Cure characteristics
The cure characteristics of blends were epitomized (ASTM
method D 2084 at 160 C) as in our prior research works
[17,18].
Physical properties
Analysis of all physical mechanical properties (ASTM-412,
ASTMD-624 Hardness according to ASTM D 2240) swelling
and aging properties was conducted as ASTM D 573) of chlo-
roprene compatibilized NBR/HDPE blend was performed as
depicted before employing standard procedures [19–21].
Compression set (as per ASTM D 395-61) is generally
empathized as percentage (%) of applied deformation, i.e.,
but can be stated as % of original thickness. The assessment
of set is enormously effective quality control analysis as it is
a comparatively easy test as well as the results is susceptible
to state of cure.
Abrasion loss was also measured by abrasion check tester
(Gibitre Italy), according to DIN 53516/ASTM D 5963, where
all tests performed a room temperature.
Equilibrium swelling
The equilibrium swelling of blends was evaluated as in our for-
mer research works [22–24].
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All samples for thermal aging were put in an air circulating
oven at 100 C for 72 h, after that the aging properties were
calculated. Property retention was then determined as the per-
centage of the value after aging divided by the value before
aging.
Results and discussion
The total component of MW was explored by XRF spectrom-
eter (Table 2). The components observing of MW illustrated
the existence of Oxide of Calcium (68.6%), Oxide of Magne-
sium (22.13%) as core constituents closes with Silica
(3.89%), Oxide of Aluminum (2.785%), Oxide of Iron
(0.603%), Oxide of Chromium (0.24%) Oxide of Zinc
(0.20%) in addition to Oxide of Titanium (0.549%). observ-
ably the component of MW show that compound of calcium
as well as magnesium in huge quantity whereas silica, oxide
of aluminum and iron as well in little.
Rheological characteristics
Cure/rheological characterization of rubber or their blends
and composites traditionally have engaged qualitative and fre-
quently measurements of the changes in ﬂow-capability of
reacting material systems during cure. Moving die rheometers
have been common use in the rubber industry as a develop-
ment and quality control tool. Typical torque response curves
for NBR/HDPE blends are shown in Table 3. The results show
the changes in elastic and viscous response of the material dur-
ing the initial 20 min of cure.
It could be observed that the addition of HDPE to NBR,
the minimum torque was increased, which caused to increaseTable 2 Quantitative analysis of marble sludge
using WDX-ray ﬂuorescence spectrometer.
Constituent Weight %
CaO 68.6
MgO 22.13
SiO2 3.89
Al2O3 2.785
Fe2O3 0.603
Cr2O3 0.24
ZnO 0.20
TiO 0.549
Table 3 Cure characteristics of examined MW ﬁlled NBR/HDPE b
Blend designation Cur
ML, dN m MH, dN m
– CR – CR
100:00 1.87 1.94 6.13 6.32
85:15 2.05 2.16 6.27 6.61
70:30 2.32 2.48 6.62 7.07
55:45 2.47 2.65 7.33 7.86
40:60 2.61 2.79 7.85 8.40
25:75 2.93 3.17 9.05 9.81in the maximum torque. This result is attributed to the fact
that the rigidity of the NBR/HDPE blends increasing with
the addition of HDPE, leading to the higher torque. Generally,
the maximum torque can be taken as the maximum viscosity of
the rubber compound.
The incorporation of HDPE in NBR, the scorch time (ts2),
and the optimum cure time (tc90) are decreased, while the cure
rate index (CRI) is increased. The scorch time and cure time
decrease due to the constraint of the mobility of the NBR with
the introduction of HDPE in the blends. The decrease in the
curing time was pointed to the peak energy input and higher
heat upsurge through compounding due to greater viscosity
of the blends with addition of HDPE. Consequently, the cure
rate of the blend increases with decreasing content of NBR. It
includes more unsaturation side than HDPE, and usually pro-
duces higher crosslink side for three dimensional structure in
NBR/HDPL systems.
The decrease in cure time is extremely beneﬁcial because it
increases the product rate. Table 2 demonstrates the inﬂuence
of blend ratio as well as CR as compatibilizer on the maximum
torque estimated from the rheographs. The compatibilizer
loading was 5 phr. An increase in ML and MH values has been
examined for all the specimens after the CR addition. The
higher values of torques revealed by the mixes having higher
content of HDPE can be attributed to increase the crystallinity
in blends.
HDPE, being semi-crystalline, can urge restraint to the
mobility of the molecular chains escorting to higher values
of torque. The scorch time and cure time (t90) do not show
any signiﬁcant change after addition of CR in the MW ﬁlled
NBR/HDPE blends. However the CRI values increase with
an increase in HDPE content for all blends due to the promi-
nent decrease in cure time and scorch time. This obviously
shows that NBR is the cure activating part in NBR/HDPE
blends. The higher CRI values of NBR afﬂuent mixes are
due to having unsaturated part in NBR.
Mechanical properties
The variation in tensile strength with the addition of HDPE to
NBR in the MW ﬁlled NBR/HDPE blends is shown in Fig. 1.
It is observed that the tensile strength value increases by
increasing HDPE content in the NBR/HDPE blends. The ten-
sile strength of NBR/HDPE blends increases gradually with
HDPE loading and an increase of 134% is observed at
75 pph loading. The stiffness of the blends usually increases
due to the inclusion of the plastic segment (HDPE) in the rub-
ber (NBR) matrix. The mechanical properties of blends arelends.
e characteristic at 160 C
ts2, min t90, min CRI, min1
– CR – CR – CR
1.98 1.90 10.3 9.87 11.9 12.5
1.81 1.74 10.1 9.71 12.1 12.5
1.67 1.56 9.56 8.94 12.7 13.5
1.53 1.42 9.00 8.36 13.4 14.4
1.45 1.34 8.24 7.63 14.7 16.0
1.33 1.25 7.53 7.10 16.1 17.1
Fig. 1 Dependence of tensile strength of the blends on HDPE
and CR.
Fig. 2 Dependence of 100% modulus of the blends on HDPE
and CR.
Fig. 3 Dependence of % elongation at break of the blends on
HDPE and CR.
Fig. 4 Dependence of tear strength of the blends on HDPE and
CR.
814 K. Ahmedgenerally determined by the thermoplastic matrix, and the
increasing HDPE loading in the NBR phase obviously
decreases the rubber matrix content in the ﬁlled NBR/HDPE
blends, leading to the increased mechanical properties.
Fig. 2 shows the modulus of the MW ﬁlled NBR/HDPE
blends. It can be observed that the modulus of the blends
increases with increasing HDPE content. At higher HDPE
content, the elastomer phase remains as dispersed particles.
The HDPE phase contributes to the higher modulus of
NBR/HDPE blends. It was found that increasing the HDPE
content in the blends results in decrease in elasticity. The effect
of HDPE content on the elongation at break of MS ﬁlled
NBR/HDPE blends is shown in Fig. 3. The considerable
decrease in elongation at break is also seen to the increasing
of HDPE content.
The variation in tear strength with the addition of HDPE to
NBR is shown in Fig. 4. It is evidently seen that the assimila-
tion of HDPE in NBR leads to increase in the tear strength.This can be attributed to the presence of HDPE (hard fraction)
in NBR. Conversely such hard fraction plays a role of ﬁller
and therefore, the eventual tear strength is increased. In other
words, the toughness of rubber vulcanizates generally increases
due to the assimilation of HDPE in the NBR [25].The tensile
strength, 100% modulus, and tear strength were enhanced
due to the increased in hardness.
Shore hardness of the MW ﬁlled NBR/HDPE blends is
shown in Fig. 5. It can be examined that increasing the amount
of HDPE in MW ﬁlled NBR/HDPE blends showed an increas-
ing trend. The increment of hardness was due to the dominant
of HDPE, on the other hand such hard segments play just like
ﬁller and thus, the hardness of blends gradual increased. In
other words, the rigidity of rubber vulcanizates generally
increases due to the inclusion of HDPE in the NBR.
Compression set is assessing the capability of rubber and
their blends to keep their elastic properties after extended
Fig. 5 Dependence of hardness of the blends on HDPE and CR. Fig. 7 Dependence of abrasion loss of the blends on HDPE and
CR.
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deprived performance of rubber compound in terms of com-
pression set is attributed to un-crosslinked shackles that do
not contribute to the permanent network and are able to relax
during the compression stage. Compression set result of MW
ﬁlled NBR and NBR/HDPE blends are present in Fig. 6.
The results of NBR/HDPE blends show variation in their
results. The compression set of NBR/HDPE blend is obviously
decreased with increasing HDPE content in blend ratio.
When the HDPE content increases in blends from 15 to
75 wt%, the value of compression set decreases from 20.3%
to 12.1%, which is 59.6% lower than that for NBR. It is due
to the effective network chain or crosslink in the deformed
state. The lower values of blends indicate the best material
for the compression state. No distinguished effect found with
having 5 pph CR incorporation NBR/HDPE blends.
The abrasion loss (Gibitre Italy) of NBR/HDPE blends
with different amounts of HDPE with, and without CR is
shown in Fig. 7. The results disclose that the abrasion loss of
NBR/HDPE blend is noticeably decreased with increasingFig. 6 Dependence of % compression set of the blends on
HDPE and CR.HDPE content in blend ratio. When the HDPE increases from
15 to 75 wt%, the value of abrasion loss decreases from 186 to
123 cm3, which is 66.13% lower than that for MW, ﬁlled NBR.
It can be recognized that the HDPE can enhance the abrasion
resistance of NBR greatly. It is well known that the abrasion
resistance of HDPE is outstanding. The HDPE blended with
NBR preserves the outstanding abrasion resistance. The abra-
sion resistance improvement of NBR after incorporation of
HDPE is frequently because of the excellent abrasion resis-
tance of the HDPE. Compared with those of the NBR/HDPE
blend, the abrasion loss of blends with 5 pph CR incorporation
was improved indicating the strong inﬂuence on the improve-
ment of interface interaction.
Chloroprene rubber of 5 phr is used here for compatibiliz-
ing NBR/HDPE blends. Figs. 1–7 also show the inﬂuence of
CR content on different properties and it increases signiﬁ-
cantly with the addition of CR amount. It is clear that the
highly polar CR molecules may share electrons to some extent
with NBR or HDPE, which pulls on and weakens the C–H and
C–Cl bonds, and improves the overall properties of the blends.
The interaction between chlorines of CR and the CN groups in
NBR can delay the detachment of the labile chlorine atoms.
Swelling studies
The swelling characteristic of the NBR/HDPE blends in tolu-
ene is shown in Table 4. The percentage of toluene uptake was
decreased after addition of HDPE to NBR rubber. This can be
attributed to the certainty that the existence of HDPE in the
NBR/HDPE restricts the penetration of solvent into the inter-
molecular gaps and consequently decreases the swelling per-
centage [26].
It was noticed that, the toluene immersion of NBR/HDPE
blends compounds, the solvent molecules must enter in the
NBR phase and depart more or less around the HDPE phase.
The HDPE phase could escort to very circuitous path for tol-
uene molecules going through the NBR/HDPE blend.
The equilibrium swelling of NBR/HDPE blends in toluene
was analyzed to estimate the extent of cross-linking. The cross-
link density values are also given in Table 4. One can see, as the
equilibrium swelling values decrease, the degree of crosslink
Table 4 Swelling parameters of investigated MW ﬁlled NBR/HDPE in toluene.
Blend designation Swelling parameters
Equilibrium swelling, % Crosslink density · 104 mole/cc
Without CR With CR Without CR With CR
100:00 138 135 0.16 0.18
85:15 130 124 3.52 3.64
70:30 123 116 3.84 4.08
55:45 115 108 4.22 4.53
40:60 110 103 4.72 4.97
25:75 103 92 5.06 5.56
816 K. Ahmedincrease. It is also clear that the accumulation of HDPE
inplace to NBR obviously decreases the values of equilibrium
swelling. To investigate the effect of HDPE on the crosslink
density of the NBR/HDPE vulcanizates, consider the HDPE
as additional ﬁller.
Properties of MW ﬁlled NBR/HDPE blends after thermal aging
Fig. 8 shows the percentage retention of aged tensile strength,
tear strength and elongation at break of the MW ﬁlled NBR/
HDPE blends increase by increasing the HDPE content.
However, the hardness slightly decreases and no notable alter
in the modulus. Thus, the thermal stability of MW ﬁlled NBR/
HDPE blend is improved with the addition of HDPE.
Inﬂuence of CR on the properties of MW ﬁlled NBR/HDPE
Blends
Table 3, illustrates the cure characteristic behavior of MW
ﬁlled NBR/HDPE blends compatibilized by CR. As shown
in Table 3 with the addition of CR, the scotch time, cure time
and cure rate index slightly increased while the minimum and
maximum torque is decreased. All results of cure characteris-
tics show the representative elastomeric nature of being soft
and hard. Compared with CR compatibilized NBR/HDPE
blends, the NBR/HDPE blends had higher scotch time, cure
time and cure rate index values.Fig. 8 Dependence of % retention of the blends on HDPE and
CR.Figs. 1–7 illustrate inﬂuence of CR on the Mechanical
Properties of MW ﬁlled NBR/HDPE Blends. The results of
all properties such as tensile as well as tear strength, elongation
at break, modulus, hardness, compression set and abrasion
loss of the NBR/HDPE compatibilized with CR are improved
due to the CR has ﬁne compatibility with NBR and HDPE
because the polarity of CR is less then NBR but greater than
HDPE. During vulcanization, the CR mainly dispersed in
the NBR matrix resulting in considerably improved the inter-
face interaction between NBR and HDPE, leading to the
enhancing the mechanical properties such as tensile strength,
tear strength, elongation at break, however, the CR additions
had slight inﬂuence on the cure characteristics, modulus, com-
pression set, abrasion loss and ﬂame propagation rate. Com-
pared with those of the NBR/HDPE blend, the tensile
strength, elongation at break and tear strength of NBR/HDPE
blends with 5 pph CR containing were improved, indicating
the strong inﬂuence of CR incorporation on the improvement
of interface interaction % retention after aging of the NBR/
HDPE and CR compatibilized NBR/HDPE blends is shown
in Fig. 8. With CR additions had small effect on percentage
retention values compared with without compatibilizer NBR/
HDPE blend. Compatibilization of NBR/HDPE also inﬂuence
on swelling properties.
Conclusions
5 pph of CR compatibilized NBR/HDPE blends have been
successfully prepared incorporated various composition with
ﬁxed amount of MW. The role of CR as compatibilizer in
the NBR/HDPE blend system has been investigated. HDPE
obviously increases the mechanical properties of NBR blends,
and the incorporation of CR further improves the mechanical
properties of MW ﬁled NBR/HDPE blends. The CR com-
bined with the probable conception resulted improved the
compatibility and interfacial adhesion between NBR and
HDPE phases, which contributed to the enhanced cure charac-
teristics, mechanical and swelling properties.
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